N content of a number of fertilizer samples was significantly lower than that of nitrate produced by several central Illinois soils. Therefore, provided that these two sources are the major ones, and that analytical errors and errors introduced through isotopic alteration of the nitrate sources by isotopic fractionation are not too great, it should be possible to detect fertilizer-derived N by measuring the 15 N content of nitrate produced by these soils. Similarly, fertilizer N in the total N of plants grown on these soils should also be detectable by the isotopic composition of the total N in the plant tissue.
A METHOD, based upon variations in the natural abundance of 15 N, was proposed by Kohl et al. (6) for estimating the fractional contribution of fertilizer nitrogen to nitrate produced by soils. This method depends, in part, on a measurable difference in the 15 N content of the major sources of the nitrate produced by the soil. Subsequent work (9, 3) showed that the 15 N content of a number of fertilizer samples was significantly lower than that of nitrate produced by several central Illinois soils. Therefore, provided that these two sources are the major ones, and that analytical errors and errors introduced through isotopic alteration of the nitrate sources by isotopic fractionation are not too great, it should be possible to detect fertilizer-derived N by measuring the 15 N content of nitrate produced by these soils. Similarly, fertilizer N in the total N of plants grown on these soils should also be detectable by the isotopic composition of the total N in the plant tissue.
Kohl et al. (7) showed that the 15 N composition of the total N of grain and leaf samples of corn (Zea mays L.) decreased systematically as N fertilizer rates increased. This result is consistent with increasing contributions of fertilizer N to the plants as the rate of N application increased. In a greenhouse experiment, the total N of sudangrass [Sorghum sudanense (Piper) Stapf] grown on several central Illinois soils and fertilized with unlabeled (NH 4 ) 2 SO 4 was consistently lower in 15 N than was the N of unfertilized plants (8). In the laboratory, the 15 N composition of nitrate produced by these same soils usually was significantly lower when the soils were incubated in the presence of unlabeled (NH 4 ) 2 SO 4 than when incubated in the absence of fertilizer (4). From the results of these experiments, it appears that the presence of fertilizer N in plants grown on these soils and in nitrate produced from them may be detected by measurements of the natural abundance of N content between soil-derived nitrate and fertilizer N. Hence, it would not be possible from measurements of the natural 15 N abundance to detect the presence of fertilizer N in nitrate produced from or in plants grown on those soils. Edwards (2) was unable to measure significant differences between the 15 N content of nitrate produced by fertilized and unfertilized samples of one of the soil types used in the Bremner and Tabatabai (1) study.
The discrepancy between the results with central Illinois soil (3, 4, 7, 8) and those reported by Bremner and Tabatabai (1) and Edwards (2) may have resulted from intrinsic differences in the soils used or from differences in analytical procedure or instrumentation. (10), soil N availability in the field, and the protein content of winter wheat in relation to the rate and time of N application (5). These investigators supplied the samples for the present study. The objectives of the work described here were: (i) to determine whether the negative relationship between 15 N of the total N of a crop and the rate of N application observed in corn grown in central Illinois (7) existed with another crop grown at different locations; and (ii) to establish whether the same samples would yield similar results when analyzed independently in two different laboratories.
METHODS AND MATERIALS
Field experiments were conducted with fall-seeded wheat in 1970-71 at five locations in Pennsylvania. Table 1 shows the soil type at each location. Experimental details have been reported (10). Briefly, the wheat was fertilized with 0, 34, 67, 101, 135, and 168 kg N/ha as (NH 4 ) 2 SO 4 . The fertilizer was applied in the spring or the fall at all locations and as a divided application at one location (Centre County). At two locations (Centre County and Lancaster County) the wheat varieties, 'Blueboy' and 'Redcoat,' were grown. At the other three locations only Blueboy was grown. There were four replicates for each treatment. In July 1971, whole plants were harvested from two positions in each plot and composited. The plant samples were dried At the CBNS laboratory, all samples were subjected to microKjeldahl digestion without exogenous reducing agents. The digests were steam distilled and prepared for mass spectrometric analysis as described previously (9). The mass spectrometer used was a Consolidated-Nier 21-201. At the USDA laboratory, samples were analyzed only from plots fertilized with 0, 101, and 168 kg N/ha and reducing agents (salicylic acid and thiosulfate) were included in the macro-Kjeldahl digestions. Except for the difference between the two laboratories in the method of Kjeldahl digestion, the samples were prepared in the same manner for mass spectrometric analysis. The mass spectrometer used in the USDA laboratory is an AEI MS 20. N units compared to atmospheric N. The reference standard used in the USDA laboratory was an ultra-high-purity compressed N 2 gas which was -6. were observed may have been due to fewer samples being analyzed by the USDA laboratory.)
The negative correlations between 8 15 N of the total N of the wheat plants and the rate of N application are consistent with increasing contributions of fertilizer N to the total N of the plant as the rate of application increased, provided that the 8 15 N of the fertilizer N was lower than that of the soil-derived N. The (NH 4 ) 2 SO 4 used as fertilizer in these experiments was not available for 15 N analysis. However, on the basis of a previously published survey of the isotopic composition of ammonium-containing fertilizers (9) the 15 N content may be assumed to be low relative to that of the N supplied by the soils used in this study, as judged by the 8 15 N value of the unfertilized wheat samples. Table 2 of application of fertilizer N (X, kg N/ha). As can be seen in Fig. 1 to 3 and in the regression equations shown in Table 2 , the same qualitative conclusion may be drawn from results of analyses done in the two laboratories: that increasing the rates of N application lowered the 8 15 N of the total N of the plants. All regression coefficients were negative. The slopes usually were significantly different from zero at the 0.025 level. The range in values for the regression coefficients differed somewhat for the two sets of data. The regression coefficients of the USDA regressions were, with three exceptions, lower than those of the corresponding CBNS regressions. An analysis of covariance was done to test whether the differences in regression coef- (Table 3 ). In three of these exceptions, the regression coefficients computed from the CBNS data had significantly larger negative slopes than those computed from the USDA data. In the fourth, the experiment in which N was applied in the fall to plots in Snyder County, the individual regression coefficients were not significantly different from zero, nor was the common regression coefficient significantly different when computed from the pooled data.
The tests for homogeneity of regression coefficients com- pare the entire body of data from each experiment as analyzed by the two laboratories. A one-to-one sample comparison is more direct. Figure 4 shows a plot of the CBNS data against the USDA data. The correlation coefficient for the relationship between the two data sets of 0.639 indicates that there is considerable unexplained variation. Nevertheless, the correlation is highly significant (p < 0.001). The equation for the regression is: We cannot explain why a given change in 8 15 N CBNS is accompanied by a change just over half as great in 8 15 N USDA , other than to suggest that it is caused either by a difference in the response of the two mass spectrometer outputs as the 15 N content varies or to a difference in sample preparation in the two laboratories.
CONCLUSIONS
In both laboratories, the results showed that the 8 15 N of wheat plants decreased as the N application rate increased. The regression coefficients for the relationship between the two parameters were always negative and significantly different from zero in most cases. This decrease in 8 15 N of wheat with increasing N application rates is consistent with increasing contributions of fertilizer N to the plants, given that fertilizer N has a lower 15 N content than soil N. The regression coefficients computed from the results of analyses by the two laboratories were not significantly different from each other in most cases. The values for 8 15 N of wheat plants obtained at the two laboratories were significantly correlated. However, a regression of USDA data on CBNS data had a regression coefficient of 0.53 rather than 1.0, the theoretically expected value.
